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1 I  
I 
ABSTRACT 
This report covers t he  assembly, instal la t ion,  and 
tes t ing  of a set of NASA owned ar t icu la t ing  j aw 
assemblies on a Hufford A-60 Stretch Forming Press 
a t  t h e  Columbus Division of North American Aviation, 
Inc. Performance of t h e  jaw assanblies was compared 
t o  the  jaws normally instal led on the  press. 
nificant differences were found between the  two sets  
of jaws. Some recommendations concerning fu ture  j a w  
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I - INTRODUCTION 
A. BACKGROUND 
Currently act ive rocket, missile, and space programs have generated new and 
unusual requirments f o r  materials and fabrication techniques. 
forming has proven t o  be a useful process for  forming la rge  contoured sheet 
metal sections. 
presses has been limited, i n  many cases, by t he  design and holding pmer of 
t h e  jaws rather than available forming pressures. 
j a w  mounting systems have a l so  limited the complexity of t h e  p a r t s  formed by 
t h i s  method. 
Stretch wrap 
The effect ive capacity of existing s t re tch  wrap forming 
Some existing jaws and 
The National Aeronautics and Space Administration, through George C. Marshall 
Space Flight Center sponsored t h e  design and fabricat ion of a new set of jaws 
(Contract No. NAS8-11707) t o  f i t  t h e  Model 60 Hufford Stretch Forming Press. 
The new j a w s  include features, which it is  hoped, w i l l  increase both effect ive 
forming abil i ty and forming pressures of mi s t ing  presses. 
B, PROGRAM OBJECTIVES 
1. 
2. 
3 .  
To assanble, i n s t a l l ,  and test the  NASA furnished ar t icu la t ing  jaws on the  
Model 60 Hufford Stretch Form Press, tes t ing  performance parameters of t h e  
jaw assemblies pr ior  t o  test forming. 
To i n s t a l l  a customer furnished form d i e  on t he  Hufford Press f o r  the  pur- 
pose of forming t e s t  parts from customer furnished material. 
To form a ser ies  of four (4) t e s t  parts  using t h e  customer furnished jaws 
and material. 
1 
I .  
I ’  
4. To form a series of two (2) test parts on the  same d i e  using t h e  jaws 
presently installed on t h e  press and customer furnished material. 






gard t o  gripping and pulling strength, jaw movenents, a b i l i t y  t o  form 
material t o  t h e  form die,  springback after relaxation, and ef fec ts  on 
I material being formed. 
6. To develop and report information t o  assist in studies t o  determine the 

















I1 - CONCLUSIONS ARD RECCWENDATIONS 
A .  CONCLUSIONS 
1. There were no major differences in t h e  performance of t h e  two sets  of 
jaws during the  tests conducted under t h i s  contract. Elongations, re- 
ductions in thickness, and s t r a i n  data a r e  comparable f o r  both sets of 
jaws, although s t r a i n  dis t r ibut ion across the  ends of test  blanks was 
more uniform with the  NAA jaws. 
2. The NAA and NASA jaws are very similar i n  jaw segment and gripper 
design, and t h e  method of contouring the  jaws. 
a r e  only 6" wide compared t o  approximately 11" f o r  the  NASA jaws. 
small width segment provides a more f lex ib le  jaw assembly fo r  d i f f i cu l t  
shapes or sharp contours and more evenly dis t r ibutes  the  stretching 
force across t he  end of the  work piece. When contouring w i t h  the wider 
segments, higher s t resses  a r e  concentrated i n  a smaller area, which can 
cause cracking of t h e  work piece 
The NAA j a w  segments 
The 
3 .  The NASA jaws have two features which a r e  not available on t h e  NAA jaws; 
individual i n  and out movanent of the jaw segments i n  t h e  plane and 
direct ion of pull, and a swivel arrangement which allows each jaw t o  be 
self aligning, seeking i ts  own centroid when pulling. 
3 
4. Good forming results were obtained with both sets of jaws, with the  
degree of forming generally proportional t o  test  blank loading. 
Forming of the  l/4l1 2219-T37 (all NASA part numbers) blanks was limited 
by j aw and blank width, w h i l e  forming of the heavier ,/I1 7075-T6 blanks 
( a l l  N U  part numbers) was limited by press capacity. 
5 .  Stretch forming of large s t ructural  gore sections f o r  large diameter 
bulkheads is  feasible  if f a c i l i t i e s  of suff ic ient  s i ze  and power were 
available. 
cation of t he  s t re tch  forming technique t o  other areas of large booster 
fabrication, such a s  skin and adapter sections. 
Larger s t re tch  forming equipment would a lso  allow appli- 
6. The advent of new a i r c ra f t  designs such as the  C5A and SST appear t o  
present another favorable area f o r t h e  use of large s t re tch  formed 
skin sections. 
i n  v i t a l  weight savings. 
application of new structural  bonding techniques or the  bonding-fastener 
combination used on some present a i rc raf t .  
Larger skin sections require fewer joints ,  result ing 




3 .  
Stretch wrap forming should be considered for  larger  sections than 
presently done, and f o r  shapes now formed by other methods. 
would require t h e  design and construction of larger  presses than the  
present 350 ton maximum. 
This 
Present s t re tch  press design concepts should be &ended, incorpora- 
t i n g  new control systems and improved jaw designs 
When a larger  s t re tch  forming press is  bui l t ,  it should be instal led 
i n  an experienced f ac i l i t y ,  where operating, tooling, and engineering 
personnel a r e  thoroughly acquainted with present equipment and tech- 
niques. For the  most erlzicient u t i l i za t ion  of such a machine i n  t h e  
shortest  time, i t s  k s t a l l a t i o n  and start up should be carried out 
through a se-ies of orderly, well  planned development programs. 
5 











111 - DISCUSSION 
A. JAW ASSEXBU and INSTALLATION 
When the  j a w s  were received, it was obvious that t h e  d e t a i l  partshad never 
been assmbled. Some of t h e  parts appeared t o  be unfinished; fo r  example, 
of four ident ical  pins, one had been heat treated and three  had not. In 
general, it was necessary t o  rework all holes, threads, and part t o  part 
fits. Specific i t ans  requiring corrective action a r e  l i s t e d  as follows: 
1. 
2. 
Hand l ap  2 collars,  199-ClO08, t o  2 segments, 199-3-1002-2. 
Hand l a p  2 collars,  199-ClO08, t o  2 segments, 199-Jl002-1. 
co l l a r s  lapped i n  f o r  f r e e  easy turning. 
Adjust 4 nuts, 199-Cl009, t o  4 collars, 199-ClOO8 using 8 spacers, 199- 
Cl007, and set  a clearance of .002*#; dr i l led ,  tapped, and set  as print  
called for.  
Hand l ap  4 large pin screws, 199-ClO16, through holes i n  2 segments, 
199-51002-2, 2 segments, 199-51002-1, and 2 large center segments. 
holes must be i n  alignment f o r  large pin screw t o  pass through and screw 
in to  fixed co l la r  and nut fo r  adjustment of s ide  segments t o  jaws. 
All 8 large pistons and a l l  l2 small pistons had t o  be lapped and f i t t e d  
in to  proper position i n  each segment. 
All 32 tapped holes i n  large center segment were not tapped deep enough 
t o  t ake  special  screws furnished. 
without success. After breaking several taps, shorter screws were in- 
s t a l l e d  with Loc-Tite. 
All four 
3 .  
4. 
All 
5 .  
6. 
Attempts were made t o  tap  deeper, but 
6 
7. A l l  b a l l  j o in t s  on all piston rods had t o  be reworked f o r  f i t  and align- 
ment with collars.  
The 8 adjusting screws, 19941011, with b a l l  seat i n  end, would not f i t  
b a l l  ends on part 87-1026, and had to  be reworked i n  t h e  machine shop. 
Five of I2 holes d r i l l ed  t o  mount piston retainers  had been d r i l l e d  too 
deep and h i t  o i l  ports. 
Seal, partially blocking out o i l  inlet ports. 
allow proper piston action. 
After complete assembly of one s e t  of jaws, it was found that par ts  a s  
made, did not allow enough clearance under screw head. 
up t o  .00511 from .00211. 
Interlocking members of s ide and center segments were not machined f lat ,  
s t ra ight ,  o r  paral le l .  
clearances f o r  assembly. 
All 16 retainers,  199-Cl006, that hold b a l l  end of piston rod, 199-Cl003, 
i n  center segment, had t o  be blued in, scraped and lapped f o r  proper f i t .  
All 32 1/41! holes i n  center segment had t o  be retapped, but s t i l l  imps- 
s i b l e  t o  use long set  screws furnished t o  hold retainers  and b a l l  end of 




I The holes had been pa r t i a l ly  f i l l e d  with Plast ic  
O i l  ports were cleaned t o  I 
10. 
This was opened 
I 
11. 







U. All threads f o r  hydraulic f i t t i n g s  (12) required retapping, Hydraulic 
f i t t i n g s  would only go i n  two threads deep, not considered safe  o r  
dependable f o r  high pressure operation. 
Eight new brass bushings were required f o r  t i l t i n g  mechanism, 
furnished bushings was .02111 larger than the  pins they were supposed 
t o  hold. 






















Four large bushlngr W e r e  required t o  adapt t i l t ing fork8 t o  main pin8 
on t h e  press frame. 
Eight lock nuts were made t o  center and hold t i l t i n g  forks i n  main 
frame. 
Special set s c r t m  were required for  locking four large bushings i n  
tilt frame. 
Two special  set  screws were required t o  go through 
main pin t o  establish and indicate perpendicularly 
of tilt frame. 
Drill and tap four 3/8" holes through tilt frame. 
large buahhgs in to  
centered position 
Drill and tap two 1/2" holes through tilt frame and large bushing. 
Since the  NASA tilt fork i s  designed so that l a t e r a l  difference between 
main pivot pin and tilt piston pins is  611 l e s s  than NAA tilt fork, it 
was necessary t o  machine four  new rods for tilt cylinders t o  compensate 
and make it possible t o  use the  NASA jaws. 
8 
I 
I n s t a l l a t i o n  of t h e  j aws  on t h e  Model 60 Hufford S t re tch  Press i s  shown i n  
Figure No. 1. 
Figure No. 1 - Ins t a l l a t ion  of 
NASA Furnished Jaws 
Assembly and i n s t a l l a t i o n  of t h e  jaws were accomplished with one partial 
assembly drawing and a p a r t s  packing l is t  f r o m t h e  j aw fabricator .  
ance w a s  ava i lab le  from t h e  jaw manufacturer. 
No assist- 
I n  s p i t e  of a l l  these d i f f i -  
c u l t i e s ,  t h e  jaws were assembled, installed,  and tested. A l l  functions of t h e  
jaws were made operable with t h e  exception of separate powered movement of t h e  
jaw segments i n  t h e  s t r e t ch  direction. 
and cont ro l  systems, and fo r  f u l l  u t i l i za t ion ,  spec ia l  blank development. 
This would require  separate hydraulic 
9 
This fea ture  could be useful  when forming d i f f i c u l t  compound contours, if 
taken in to  consideration during part and blank design. 
I n  Figure No. 2, t h e  l e f t  jaw assembly is shown gripping an instru?lented 
t e s t  blank. 
i n  t h i s  photograph. 
Several of t h e  d e t a i l s  of construction of t h e  jaws may be seen 
Figure No. 2 - NASA Furnished 
Jaws in Operation 
10 
* B. NASA FURNISHED FOFW D I E  
A compound contour form d i e  was furnished by NASA f o r  use on this program. 
The d i e  was a tank bulkhead gore section, designed and constructed under 
NASA Contract NAS 8-11900. 
part forming t e s t s .  
each s t re tching operation, using a Stockton Prof i le  Gage (Figure 3 )  having 
an overa l l  length of 48'l and .020" thick laminations. 
This d i e  was used f o r  a l l  press check out and 
Die contour measurements were made before and a f t e r  
Figure No. 3 - Measurement of Die 
Contour With Laminated Prof i le  Gage 
N o  d i e  movement or  d i s tor t ion  was noted during t h e  en t i r e  program. Ins t a l l a t ion  
of t h e  d i e  on t h e  NAA press required only a simple, s t e e l  adapter p l a t e  f o r  
mounting bol t  locations.  During the  program, the  d i e  was removed from t h e  





















C. PRESS CHECKOUT 
Heavy aluminum al loy  plates  <3/Sn thick, 7075-T6) w e r e  purchased for t h e  
press checkout t e s t s .  
stand the  maximum available press force, 
This a l loy  and thickness were chosen t o  safely with- 
Good tests were obtained with the  NAA jaws (Table I). The NAA jaws a r e  the  
Hydra-Curve model manufactured by Hufford with eleven (ll) narrow segments. 
No gripping capacity tests were run  f o r  the NASA jaws because t h e  NASA jaws 
which were designed f o r  1/411 thick material would not securely gr ip  t h e  3/81! 
thick test plate. 
were contoured t o  check t h i s  function. 
One p l a t e  was gripped a s  much as possible and t h e  jaws  
The wide aegments of the  NASA jaws 
caused high localized s t resses  between the segments which cracked t h e  test 
p l a t e  (Figure No. 4) . 


















JAW CAPACITY TESTS 
NAA JAWS NASA JAWS 
Maximum Gripping Capacity or  Pul l  * 670,750 lbs .  * *  
Maximum Rotational Moment * * * 
Oscillation Cylinder Pressure 




Average of 4 t e s t s  - Maxirmun Press Capacity - Jaws did not s l i p  
Unable t o  tes t  - would not grip 3/8" test plates 
513,702 in.1bs. 5l3,702 in.lbs. 
900 PSI 900 PSI 
580 PSI 580 PSI 
400 PSI 400 PSI 
ww Hydraulic pressure set at 900 PSI 
TABL;E I1 
J A W  MOTIONS AND LIMITATIONS 
Maximum Gripping Dimension (Depth) 
Maximum Fore o r  A f t  Adjustment - Left Fore - Left Aft - Right Fore - Right A f t  
m u m  Angulation (Rotation) - Left 
- Right 
Maximum Osci l la t ion  Angulation - Left 
- Right 
Total  Jaw Movement 
NAA Jaws 






























Figure No. 4 - Crack i n  3/S1l Test p l a t e  














D. TEST BLANKS 
Six (6) 2219 aluminum t e s t  blanks were prepared using NASA furnished material  
approximately .250" thick. Eight (8) 7075 aluminum t e s t  blanks approximately 
.375" thick were prepared f o r  equipment checkout. 
35" wide by u O f *  long. 
were marked with a 6.00018 square grid system a s  shown i n  Figure No. 5. 
A l l  t e s t  blanks were cut t o  
The six (6) furnished blanks and two (2) NAA blanks 
Chemical Analysis (TABLE 111) and Tensile Tests (TABLES I V  and V) were run for  
both sets of t e s t  blanks. A l l  plates met the  applicable specifications. 
TABLE I11 
Chemical Analysis of Representative '7075 and 
2219 Aluminum Alloy Plate Stock 
7075 Aluminum 2219 Aluminum 














N i l  
0.24 
N i l  
1.20-2 0 0 0  


















N i l  
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0 005-0 15 
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2219-T3'7 Plate Test Results 
Percent Elongation Percent Uniform 
















?075-T6 Plate Test Results 
U l t  h a t  e Yield 
Stren&h-kei S t r m h - k s i  
45 e 1  60.1 






38.0 49 00 
Percent Elongation Percent Uniform Yield Ultimate 
i n  2 Inches Elongation S t r e w h - k s i  Strength-ksi 
u . 5  
13.6 





























u -3 9.5 78.1 86.1 
8.0 66.0 77.0 
E. FORMING TESTS 
1. Test Procedures 
A l l  t e s t  p la tes  were mounted i n  the S t re tch  Press with gr id  square No. 1 
i n  t h e  upper l e f t  hand corner. 
on each t e s t  blank. 
blank ends and on t h e  f ron t  only i n  t h e  center of t h e  t e s t  blanks. 
No. 6 shows part number NAA-3 mounted i n  t h e  s t r e t ch  press using t h e  NAA 
jaws. 
t h e  X arid Y o r ien ta t ion  of t h e  s t r a i n  gages. 
Seventy-two (72) s t r a i n  gages were mounted 
Gages were mounted on both f ront  and back on t h e  t e s t  
Figure 
The close-up view of t h e  center of par t  NAA-3 (Figure No. 7) shows 
Figure No. 6 - P a r t  N o .  NAA-3 Mounted 
i n  NAA Jaws 
18 
Figure No. 7 - St ra in  Gage Mounting, 
Front Center of Test Blank 
Test blanks pulled with t h e  NASA jaws were mounted i n  t h e  same posi t ion as those 
pulled with NAA jaws (Figure No. 8). 
9 a t  t h e  end of t h e  s t r e t ch  cycle. 
mate t h e  contour of t h e  l a r g e  end of the die .  
t h e  d i e  i s  very apparent i n  t h e  l e f t  hand portion of t h e  photograph. 
Part Number NASA-4-1 i s  shown i n  Figure No. 
The r igh t  j a w  has been contoured t o  approxi- 
The ou t l ine  of t h e  small end of 
Figure No. 8 - P a r t  No. NASA-4-1 
Mounted i n  NASA Jaws 
Figure No. 9 - Part  No. NASA-4-1 
After Forming 
20 
Data from a l l  strain gages was continuously recorded during the  forming of 
a l l  instrumented test parts.  
method of connecting t h e  s t r a i n  gages t o  t h e  high speed oscillographic re- 
cording equipment. 
The overall  view i n  Figure No. 10 shows the  
Details of s t r a i n  recordings a r e  discussed i n  Section 
111-F 
Figure No. 10 - St ra in  Data Recording 
Equipment Connected t o  
Test Blank 
21 
' Loading of tes t  blanks and press positions are tabulated below (TABU VI). 
Cross sectional loading of the tes t  blanks was gradually increased as the 
t e s t s  proceeded, and in general, the degree of forming achieved increased 
as pressure increased. 












Test Blank Loading Data 
Teat Blank 
430,000 l b s .  49,l43 p s i  
440,000 50 , 286 
450 ,000 49 , 669 
460,000 50,941 
665,000 51,630 
667 ,000 51, 786 
677,000 52 , 562 
Total Load - Loading 
460 ,000 49,784 
462,000 51,563 
674,000 52 $3 29 





47" 52 " 
50" 50° 
47" 52 " 
40" 50" 




2. Forming Results 
The degree of forming achieved on a l l  t es t  blanks i s  shown p i c t o r i a l l y  
i n  Figure Nos. ll through 20. 
against  a 4' X 12' backdrop divided into 12" gr id  squares. 
are set with t h e  top  of t h e  t e s t  blank against  t h e  backdrop. 
This series of photographs was  taken 
All parts 
Figure No. 11 - P a r t  No. NU-2-1 
Figure No. I 2  - Part No. NAA-2-2 
Figure No. 13 - P a r t  No. NAA-2-3 
24 
Figure No. L!+ - P a r t  NU-3 
Figure No. 15 - Part No. NASA-1 
25 
Figure No. 16 - Part N o .  NASA-2 
Figure N o .  17 - Part N o .  NASA-3 
26 
I / !  
I-.).=- 
Figure No. 18 - Par t  No. NASA-4-1 
Figure No. 19 - Part No. NASA-4-2 
28 
I 
. 3. Dimensional Changes 
I 
Before s t r e t ch  forming, t h e  thickness of each t e s t  blank was measured 
I using a Vidigage Thickness Gage. After forming, each 6" gr id  square 
i n  t h e  d i e  contact area w a s  again measured (Figure No. 21) t o  check 
reduction i n  thickness. Reductions ranged from .OO8lr t o  .015'l, evenly 
spread between NAA and NASA jaws, so  t h a t  no pa r t i cu la r  difference i n  
performance was noted i n  t h i s  area. 
Figure No. 21 - Vidigage Thickness 


















Springback data was also recorded, where possible, using t he  laminated contour 
gage (Figure No. 3). 
no significant difference between springback using t h e  NAA or  NASA jaws. 
Detailed thickness and springback readings on a l l  t e s t  blanks are displayed 
i n  Figures 22 through 28. 
As was the  case with reduction in thickness, there was 
Final dimensions of each 6" grid square in t h e  d i e  contact area were m e a s u r e d  
and recorded. Again, 
there  appeared t o  be no significant difference i n  the  performance of t he  two 
types of jaws. 












































































































































k o  








Eo m cv 
0 a 0 a 0 8 
9 
3 
9 q 9 3 9 8 
to a 






co 3 co 8 
$ 
\o q co q 
33 
\D 
v\ cv . v\ 0 \D "! a .A . 
2 cv 
m m cv . o\ m "! 
G? cv. G? cv. 
m m cv. 
0 












cv a cv. 
0 a cv. 
o\ m cv. 
0 















u\ cv. c: cv 
9 m cv. 






\D m cv. 
co m cv. - m c'! . - 
o\ m cv. t -  




e m cv. 












































2! cv . 
7 























3 *  
k O F  

























O W S  I 016's 
0 
IS % rl 
9 1.0 
. % rl 
9 





0L6 5 c36 5 








































1 096'5 1 
0 0 
3 0 . 
\D 9 
0L6' 5 




2 3 -9 
9 &&!40=1 
































































096 ' 5 
3 
9 - 













































































































































































066'5 I 066'5 1 
42 
- 










g 9 6 . 5  







OS6 5 s 9 9 
9 
9 
056'5 0'76'5 056'5 
Ei N. c? 8 3 
9 9 









































556'5 I 556'5 I 096'5 096 ' 5 













096 ' 5 056'5 056'5 096'5 
43 






































































. a .ti 
k,O, 9 -
096'5 096% 056's 096'5 
44 
F. STRAIN MEAS- AND RESULTS 
1. Stra in  Gages 
Seven t e s t  panels instrumented with Micromeasurement Type EP-08-250BB- 
I20 high elongation s t r a i n  gages. 
constantan al loy foil on an epoxy backing with s t r a i n  l imitations of 
approximately 15%. 
This s t r a i n  gage is  an annealed 
Each specimen received ident ical  treatment with 
respect t o  the number and location of s t r a in  gages, curing history, 
and the  type of readout equipment ut i l ized.  
S t ra in  gages were located on each end of the  panel, front and back, t o  
determine the s t r a i n  distribution across the  panel near t he  jaw contact 
area. 
of d i e  contact t o  establish maximum s t r a i n  areas. 
shown i n  Figure N o .  36 and p ic tor ia l ly  i n  Figure N o s .  6 and 7. 
Other gages were located on the  front of the panels i n  t h e  area 
Gage locations a r e  
Three panels ( N U  3 ,  NASA 1, and NASA 2) were formed with NAA jaws. 
The remaining four instrumented panels (NASA 3, NASA 4-1, NASA 4-2, and 
NASA 4-3) were formed wi th  t he  NASA jaws. 
2. Recording Ea uipment 
The instrumented panels were each instal led i n  the  Model 60 Hufford 
s t r e t ch  press over t h e  customer furnished die. A continuous s t r a i n  
his tory w a s  recorded on two 50-chamelfidwestern and Consolidated 
oscillographs a s  the  load was applied t o  s t re tch  and form the  panels 
(Figure No. 10). 
3. Results 
The s t r a i n  data acquired during this se r i e s  of tests indicates that 
both sets of jaws developed a very uniform s t r a i n  dis t r ibut ion near 
t he  jaw contact area. 
Figure Nos. 37 th ru  51 there  was a minimum amount of spanwise bending 
i n  the  jaw area t o  add t o  t h e  t o t a l  s t r a i n  concentration. Gripping 
action as indicated by the  s t r a i n  gages was very uniform across the  
width of a l l  t he  panels. 
As indicated i n  the  strain curves shown i n  
Cordwise bending a s  indicated by cordwise gages in t he  jaw contact 
area show that the  N U  jaws introduced more cordwise bending s t r a i n  
which is  ver i f ied by the  higher limits of jaw ar t iculat ion encountered. 
With t h i s  exception only there were no significant differences i n  t h e  
s t r a i n  dis t r ibut ion patterns developed by the  two se t s  of jaws. 
Because each panel was  not loaded t o  the  exact same load and because 
the  range of s t r a i n  indicated is above t h e  e las t ic  limit, t h e  data from 
panel t o  panel i s  not d i rec t ly  comparable. 
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